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The results of fast atom bombardment (FAB), time-of-flight secondary ion mass spectrometry
(ToF-SIMS), matrix-assisted laser desorption/ionization (MALD/I), electrospray ionization
(ESI), and field desorption (FD) analyses of ethoxylated oligomers of 2,4,7,9-tetramethyl-5-
decyne-4,7-diol (Surfynolt 104) were compared. Each of these desorption mass spectrometry
(MS) techniques can produce spectra of unfragmented cationized oligomers. From the
observed ion series we calculate average molecular weight information. We have compared
the results of mass spectrometric analyses of a series of ethoxylated Surfynol surfactants. Our
data indicate that FAB, ToF-SIMS, MALDI/I, and ESI produce similar results for the lower
molecular weight species, but that as the average molecular weight increases FAB and SIMS
produce slightly lower results than MALD/I and FD. This could be due to increased
fragmentation. ESI produced a result similar to FAB and SIMS for the highest average
molecular weight material. Further experiments compare the mass spectral results with gas
chromatographic quantitative data. Although gas chromatography is not expected to accu-
rately analyze the higher mass oligomers, we observe significant differences in intensities of
the short-chain oligomers (especially the 0- and 1-mers) when compared to the desorption
mass spectrometer results. These differences may reflect poor cationization efficiency for very
short oligomer chains in the mass spectrometric analyses. (J Am Soc Mass Spectrom 1998, 9,
282–291) © 1998 American Society for Mass Spectrometry
Understanding the physical and chemical struc-ture of polymeric materials is important in thedesign of products meeting specific customer
needs. Molecular weight and molecular weight distri-
bution are key, fundamental properties of a polymer.
Molecular weight directly influences many polymer
physical properties: tensile strength, elongation, brittle-
ness, abrasion resistance, chemical resistance, viscosity,
adhesion, and solubility [1].
The repertoire of mass spectral (MS) techniques
applicable to analyzing the molecular weight (MW)
distribution of synthetic polymers has increased
steadily. These techniques rely on a mechanism for
volatilization without thermal decomposition and a soft
ionization process. Early techniques applicable to poly-
mers include chemical ionization [2, 3] and field desorp-
tion (FD) [4]. These require sample heating, however,
and chemical ionization is limited to lower molecular
weights. In the 1980s, fast atom bombardment (FAB) [5]
was developed and, although applied mostly to
biopolymers, found limited application for analysis of
polar synthetic polymers with molecular weights below
about 3000 Da [6]. Recently, the development of elec-
trospray (ESI) [7], matrix-assisted laser desorption/
ionization (MALD/I) [8], static secondary ion mass
spectrometry (SIMS) [9], and direct laser desorption
(LD) [10] have added powerful mass spectral tech-
niques to analyze relatively nonvolatile and labile spe-
cies. Like FAB, MALD/I, and ESI have been mostly
applied to biomolecules, but significant contributions
have also been made on synthetic polymers [11–15].
The molecular weight distribution is defined by the
number average molecular weight (MN), weight aver-
age molecular weight (MW), and polydispersity:
MN 5 O MiNi/O Ni (1)
MW 5 O ~Mi!2Ni/O MiNi (2)
Polydispersity 5 PD 5 MW/MN (3)
Mi is the mass of the ith oligomer in the distribution
and Ni is its intensity. These quantities can be calculated
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from the distribution of observed MS ion peak areas or
gas chromatography (GC) peak areas and are a useful
way to compare results. In addition, comparison with
other traditional techniques used to investigate poly-
mers, such as size exclusion chromatography (SEC) and
nuclear magnetic resonance (NMR) spectroscopy, is
important to aid in relating the data produced by the
newer techniques to what has been historically ac-
cepted.
In this paper we compare results obtained on Surfy-
nolt 4XX (S4XX, XX 5 20, 40, 65, and 85), a commer-
cially available series of oligomeric ethoxylated surfac-
tants, using FAB, MALD/I, SIMS, ESI, and FD. The
increasing XX values indicate increasing amounts of
ethoxylation on a backbone of 2,4,7,9-tetramethyl-5-
decyne-4,7-diol (Surfynol 104).
The performance of these materials as surfactants
depend on the degree of ethoxylation. Surfynols offer
several advantages as surfactants: rapid migration, low
dynamic surface tension, defoaming, FDA compliance,
and stability in high electrolyte brine systems. These
experiments produce data on the degree of ethoxylation
present in each of the S4XX products. Some SEC and gas
chromatography (GC) data were compared with the
mass spectral results.
Experimental
Fast Atom Bombardment
The samples were analyzed directly in glycerol matrix
saturated with NaCl without prior dilution on a VG
ZAB-EQ MS. An Ion Tech fast atom gun at 8 KV/1 ma
was used with xenon. The resolution was 2000 (10%
valley definition) with a scan speed of 5 s/decade (s/d)
and a 2 s interscan delay. Mass ranges scanned varied.
Ten spectra were averaged for the figures and calcula-
tions.
Secondary Ion Mass Spectrometry
Sample solutions were prepared in methanol (1 mg/
mL) and saturated with NaCl. Approximately 10 mL of
solution were then deposited onto a silicon substrate.
The silicon substrate was held momentarily at an angle
of 45° to allow the excess solution to flow off the
substrate. A PHI-EVANS TFS™ I Surface Analyzer was
used to analyze the thin films. The data were collected
using a 15 kV, bunched 69Ga primary ion beam, oper-
ated at a repetition rate of 5 kHz. Spectra were obtained
from 10 min acquisitions. The primary ion beam was
rastered over a 170 mm 3 170 mm area of each sample
and spectra were acquired from two or three areas of
each sample. Data were collected using 10 kV postac-
celeration. The full width at half maximum resolution
was measured to be about 7000.
Matrix-Assisted Laser Desorption/Ionization
The samples were prepared in methanol (5 mM), and
mixed 1:1 with a 100 mM solution of 2,5-dihydroxyben-
zoic acid (DHB) in methanol. A 2 mL drop of this
solution was applied to the surface of an aluminum
probe and allowed to dry under ambient conditions.
The samples were desorbed with a frequency-doubled
dye laser at 337 nm (Lambda Physik ScanMate, yttrium-
aluminum-garnet (YAG) pumped at 532 nm, 10 ns/
pulse, b 5 barium borate [BBO] doubling crystal),
slightly above threshold for MALD/I. Ions were ex-
tracted with 5 kV in a home-built, 1-m, time-of-flight
mass spectrometer equipped with a dual microchannel
plate (MCP) (2800 V) ion detector. The full width at half
maximum resolution was measured to be about 100.
Cationization with Na1 is the most common ionization
mechanism. Spectra were obtained from 100 laser
pulses.
Electrospray Ionization
Sample solutions were prepared in methanol (;3 mg/
mL) saturated with NaCl. Aliquots of 10 mL were
analyzed by flow injection with a MicroMass Quattro I
quadrupole mass spectrometer equipped with a Mega-
flow ion source. The mobile phase was 50/50 methanol:
water at a flowrate of 6 mL/min. A cone voltage of 40 V
was used in the analyses of Surfynols 420, 440, and 465.
A cone voltage of 80 V was needed in the analyses of
Surfynol 485 to produce 11 charge states for the ethoxyl-
ated oligomer series. This also enhanced the sensitivity
for the S485 ethoxylates by a factor of 50 compared to
experiments at a cone voltage of 40 V. Data were
collected in centroid mode with unit resolution. The
mass range was scanned from 100 to 2000 Da in 7 s with
an interscan delay of 0.2 s. Each electrospray spectrum
is an average of 40 scans.
Field Desorption
The VG ZAB-EQ MS was used with emitters purchased
from GB Scientific (Novato, CA). The mass range from
2000 to 200 Da was scanned at 5 s/d with a 1 s interscan
delay and the resolution was 2000 (10% valley defini-
tion). The sample was made up in methanol with a
concentration of 1 mg/mL and was applied to the
emitter by rapid dipping. The emitter was heated using
a VG instrument controller designed for heating a solids
probe. The setting was “2 °C/s.” The current range was
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8–50 mA; the ramp duration was about 6.5 min. Of the
6.5 min, the duration of molecular ion formation was
about 2.5 min in each case. These spectra were averaged
to produce the spectra shown in the figures. However,
the current range during which molecular species were
emitted varied for different average molecular weight
materials.
Gas Chromatography
Aqueous sample solutions (1 mL of a 10 wt% sample
solution in water) were analyzed with a Hewlett-Pack-
ard 5890 Series II gas chromatograph. The ethoxylated
oligomers were separated on an HP-5 (5/95 phenyl/
methyl siloxane; 25 m 3 0.20 mm 3 0.11 mm) column
and oligomer peak areas were measured with flame
ionization detection (FID). The injector temperature was
280 °C with a detector temperature of 315 °C. The oven
temperature program was 1 min at 50 °C, followed by a
heating ramp of 12 °C/min to 315 °C, and held for 15
min. Helium was the carrier gas (22 psig head pressure,
1.8 mL/min) with a split ratio of 50:1. The hydrogen,
air, and makeup gas flow rates were 40, 450, and 45
mL/min, respectively. Identities of many of the indi-
vidual ethoxylated oligomers found in the GC chro-
matograms were determined by gas chromatography-
mass spectrometry (GC-MS) using electron ionization
(70 eV) on a Hewlett-Packard 5971A GC-MSD quadru-
pole instrument. The mass spectrometer was scanned
from 10 to 550 Da at a rate of 0.67 s/scan.
Size Exclusion Chromatography
Samples were analyzed with a Waters (Milford, MA)
SEC system, model 410 refractive index detector, 510
pump, 680 gradient controller, and 710 autosampler.
Injections of tetrahydrofuran solutions (50 mL) were
analyzed on a 10 mm 3 50 cm 500 Å Jordi divinyl
benzene column (DVB, 1.5 mL/min flow rate at 35 °C).
Surfynol chromatograms were calibrated from second
order fits to narrow polydispersity polyethylene glycol
standards obtained from American Polymer Standards
(Mentor, OH).
Results and Discussion
Averaged spectra comparing the results of the mass
spectrometry techniques (FAB, ESI, SIMS, MALD/I,
and FD) for Surfynol 420, Surfynol 440, Surfynol 465,
and Surfynol 485 are shown in Figures 1–4 (FD was
only used for S465 and S485). In each case, we observe
a distribution of oligomers spaced by 44 daltons. The
Figure 1. Mass spectra of Surfynol 420: (a) FAB, (b) ESI, (c) SIMS, (d) MALD/I. The ion peak at 337
Da corresponds to the 2-mer.
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observed ions are all sodium cationized. For each mass
spectrum, average molecular weights are calculated
using eqs 1–3. For FAB, ESI, SIMS, and FD centroided
areas of the all-12C isotope peak were used in the
calculation. For these techniques, where isotopic clus-
ters are resolved, oligomeric areas are sums of these
clusters. Obtaining these sums was facilitated by calcu-
lating the isotopic distributions and correcting the in-
tensities of the 12C isotopic peaks (the most intense ion
in each cluster) for the total distribution. This was
checked against actual ion intensity measurements in
the FAB data and found to be very accurate. It is likely
to be better than actual measurements of the lower
intensity isotopic satellite peaks in the cases of the
higher mass oligomers at the end of the distributions.
For MALD/I, where the isotopic clusters are not re-
solved, time domain peak areas were used in the
calculation. These results are listed in Table 1. The
precision (standard deviation, n 2 1) of the average
desorption method’s molecular weights are based on
replicate measurements of S465.
For both Surfynol 420 and Surfynol 440, the different
mass spectrometry techniques produce similar results
for each of these materials (although for S420, SIMS
does have a significantly higher intensity for the 1-mer
at m/z 293. In Surfynol 420, we observe ions showing the
presence of oligomers ranging from the 0-mer (249 Da,
M1Na1) to about the 12-mer, and in Surfynol 440 we
observe ions ranging from the 1-mer to about the
13-mer, as shown in Figures 1 and 2.
Figure 3 shows the mass spectra comparing all five
of the mass spectrometry techniques for Surfynol 465.
We observe ions showing the presence of oligomers
ranging from the 5-mer to about the 20-mer. The
average molecular weights calculated for FAB and
SIMS are similar and the lowest for this material.
MALD/I produces intermediate average molecular
weights, whereas FD and ESI produce identical values,
the highest for this material. It is possible that FAB and
SIMS produce more fragmentation, a trend that in-
creases with molecular size. Lattimer studied molecular
size dependent fragmentation using polyethylene gly-
cols with average molecular weights ranging from 400
to 1200 Da [16]. He compared FAB results to titration,
FD, and electrohydrodynamic ionization. He found that
FAB produced lower average molecular weights than
the other techniques. This difference was attributed to
increased fragmentation with molecular weight. This is
seen more clearly in the FAB and SIMS mass spectra of
Surfynol 485, Figure 4 (discussed below). In addition to
fragmentation, SIMS results may be complicated by
substrate effects. We find that Surfynol sample prepa-
rations on silicon generally give lower molecular
weight data than identical preparations on silver [17].
Figure 4 shows the mass spectra comparing all of the
mass spectrometry techniques for Surfynol 485. We
Figure 2. Mass spectra of Surfynol 440: (a) FAB, (b) ESI, (c) SIMS, (d) MALD/I. The ion peak at 381
Da corresponds to the 3-mer.
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observe ions showing the presence of oligomers rang-
ing from the 11-mer to about the 35-mer. SIMS produces
the lowest average molecular weight data; the ESI and
FAB data are similar. Higher degrees of fragmentation
are most visible in Figure 4a, c. In ESI we need a high
cone voltage to obtain a significant ethoxylated oli-
gomer series with a 11 charge state for Surfynol 485,
and in-source fragmentation may account for the lower
average molecular weight compared to the MALD/I
and FD data. The MALD/I and FD results are signifi-
cantly higher, but show the closest agreement with SEC
of Surfynol 485 (calibrated with polyethylene glycol).
As has been observed previously, SEC gives a larger
polydispersity than the mass spectrometry techniques;
this is probably indicative of band broadening on the
column [18, 19].
A comparison of the results from the GC/FID anal-
yses of Surfynol 420, 440, and 465 is given in Figure 5.
In the GC analysis of Surfynol 420 (Figure 5a), peaks
ranging from the 0-mer to the 6-mer were detected,
with the 0-mer being the most concentrated component.
In the GC analysis of Surfynol 440 (Figure 5b), oli-
gomers ranging from the 0-mer to the 8-mer were
observed with the 3-mer being the most concentrated
component. In the GC analysis of Surfynol 465 (Figure
5c), oligomers ranging from the 0-mer to the 8-mer were
again observed with the 5-mer being the most concen-
trated component.
Figure 3. Mass spectra of Surfynol 465: (a) FAB, (b) ESI, (c) SIMS, (d) MALD/I, (e) FD. The ion peak
at 513 Da corresponds to the 6-mer.
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The oligomers are well separated in the GC chro-
matograms. Even the chain-length isomers are resolved
[20]. Given that the backbone molecule is a diol, there
are two sites for ethoxylation. Consequently, as the
molecular weight increases, the number of isomers also
increases, as can be seen in the chromatograms. Inter-
estingly, the chromatograms indicate that the majority
of the oligomers are asymmetric with respect to the
relative ethoxylation of the two alcohol positions. This
indicates that it is easier to add additional ethoxy units
to an existing ethoxy chain than to add the first ethoxy
unit to the other backbone alcohol site. For the species
with five ethoxy units, there are three isomers: 5/0, 4/1,
and 3/2 ethoxylate units divided between the two sites
of ethoxylation. GC-MS resolves these isomers and
shows that they are present in similar amounts. The
electron ionization spectra of these isomers are dis-
tinctly different, containing fragment ions indicative of
the length of the ethoxy chains (through appropriate
losses), which allows us to assign the chromatographic
peaks to specific chain-length isomers.
The gas chromatograms show significantly higher
quantities of the lesser ethoxylated oligomers than the
mass spectra. This is not because of thermal decompo-
sition of the more ethoxylated oligomers. If it were,
significant amounts of the lesser ethoxylated oligomers
would be observed in the analysis of S465. The higher
quantities of the lesser ethoxylated oligomers indicate
possible discrimination against these species in the
mass spectrometry techniques. Based on classical coor-
dination chemistry [21], we expect that Na1 complexes
the oligomers through an ion–dipole interaction with
Figure 4. Mass spectra of Surfynol 485: (a) FAB, (b) ESI, (c) SIMS, (d) MALD/I, (e) FD. The ion peak
at 909 Da corresponds to the 15-mer.
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the oxygen atoms on the ethoxylate chains [22]. Gas-
phase ion binding affinities of macrocyclic polyethers
have been studied [23]. It was found that alkali and
alkaline earth metal ions favor complexation with oxy-
gen; the metal ion being held in the cavity of the
polyether by ion–dipole forces. Molecular dynamics
modeling of linear polyethylene glycol (PEG) oligomers
indicate that the PEG chain encircles the cation using
multiple oxygen sites to support alkali metal cationiza-
tion [24].
In an attempt to better understand the cationization
of these ethoxylated Surfynols, ab initio Hartree–Fock
calculations were done to obtain relative stabilization
energies for several different ethoxy chain lengths and
chain symmetries. The calculations were done using
STO-3G* basis set provided by the Spartan package
[25]. The minimum basis set calculations provide qual-
itative information on the conformations and energetics
of cationization while facilitating considerable savings
of computational time because of the large molecular
sizes and numerous conformations. All molecular ge-
ometries were fully optimized and conformational
searches were performed around the triple bond for
several molecules using the eigenvector-following algo-
rithm to obtain lowest energy structures. The optimized
Surfynol structures prior to cationization show that the
side chains tend to be straight and the interaction
between chains is mainly repulsive. Upon cationization,
however, the two side chains are essentially locked by
the cation, which resides at the center of the chains,
stabilized by two electron-rich oxygen atoms, as shown
in Figure 6 for the symmetric 6-mer. It appears that the
rigidity of the acetylenic bond creates an environment
consisting of two opposing oxygen sites that provide a
stable cationization site. The results of these calculations
indicate that a minimum of at least one ethoxy group on
each site is required to stabilize sodium cationization.
Short-chain ethoxylated oligomers with substitution on
only a single site may fail to adequately stabilize the
cation. The significantly asymmetric ethoxylation of
low molecular weight Surfynols appears to be the main
contribution to the discrimination observed in the de-
sorption mass spectrometry experiments. The GC data
indicate that by the n 5 5 oligomer most molecules
have sufficient ethoxy chain length on both sites to be
efficiently cationized.
Surfynols with single ethoxy chains should be com-
parable to short chain polyethylene glycols (PEG).
MALD/I experiments on short chain PEG oligomers
show a significant change in response between n 5 3
and n 5 4 [26]. Chains with at least 4 ethoxy units
appear to cationize efficiently and are readily detected.
It is useful to consider the synergistic value of using
both GC and the desorption mass spectrometry tech-
niques. To compare with the mass spectrometry results,
we calculated average molecular weights for Surfynol
420 and Surfynol 440 from the gas chromatograms.
These results are included in Table 1. As expected, the
MN and MW values for the GC results are lower than
the values obtained for all of the mass spectrometry
Table 1. Mass spectrometric molecular weight distributions of S4XX materialsa
Sample Technique MN MW Polydispersity
Surfynol 420 ESI 375 391 1.04
FAB 364 375 1.03
MALD/I 368 379 1.03
SIMS 322 327 1.02
GCb 281 6 1 292 6 1 1.04
Surfynol 440 ESI 450 467 1.04
FAB 470 489 1.04
MALD/I 488 508 1.04
SIMS 472 485 1.02
GCb 367 6 1 384 6 1 1.05
Surfynol 465 ESIc 725 6 10 751 6 10 1.04
FABd 621 6 3 646 6 3 1.04
FDe 727 751 1.03
MALD/If 685 6 40 715 6 40 1.04
SIMSg 629 6 8 650 6 8 1.03
Surfynol 485 ESI 1032 1066 1.03
FAB 1023 1047 1.02
FD 1173 1196 1.02
MALD/I 1201 1242 1.03
SIMS 938 972 1.03
SECe 1144 1297 1.13
aThe precision values (standard deviation, n 2 1) of the average molecular weights were calculated from replicate measurements. Good quality
desorption mass spectrometry precision data were obtained for S465 and used as estimates for S420, S440, and S485.
bS420 and S440 were analyzed in triplicate. S465 does not elute quantitatively from the GC and no precision data are included for it.
cThe precision is based on six analyses for S465.
dThe precision is based on 13 averaged spectra from two separate analyses for S465.
eWe do not yet have sufficient data to specify the uncertainty for the FD or the SEC experiments.
fThe precision is based on three analyses for S465.
gThe precision is based on four analyses for S465.
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techniques. In contrast to the mass spectrometry tech-
niques, we note the presence of Surfynol 104 and a
substantial amount of the mono-ethoxylated species in
the gas chromatograms of these two materials. The
presence of these lower molecular weight species, when
compared to the mass spectrometry technique results,
indicates that there is discrimination against the lowest
molecular weight oligomers in the analyses using the
desorption mass spectrometric techniques. As dis-
cussed above, we believe cationization is not ade-
quately stabilized for these lower molecular weight
species. However, the GC analyses discriminate against
the higher molecular weight oligomers, as seen by
comparing the chromatograms in Figure 5 to the spectra
in Figures 1–3. This is because of the limits of GC,
especially hot injection splitting discrimination against
higher boiling point compounds. During hot injections
there are two reasons for discrimination: solvent rap-
idly evaporates from the syringe needle leaving behind
less volatile analytes which are subsequently removed
from the injection port when the syringe is withdrawn,
and higher boiling analytes are incompletely vaporized
[27]. Therefore, the higher molecular weight oligomers
are underrepresented in the analysis. For these two
materials, the significant amounts of Surfynol 104 and
the mono-ethoxylated species have a greater effect on
the average molecular weights than the low levels of the
higher ethoxylated oligomers.
Liquid chromatography (LC) has been successfully
used to analyze nonionic ethoxylated surfactants [28].
We have investigated LC methods for the separation of
ethoxylated Surfynol 104. These materials do not be-
have in reversed phase LC like other nonionic ethoxy-
lated surfactants that have been reported. No useful
oligomeric separations could be obtained.
Although Surfynol 420 and 440 have significant
amounts of residual Surfynol 104 and the mono-ethoxy-
lated species, we expect there to be essentially none of
these species in Surfynol 465 because of the much
higher average degree of ethoxylation. The gas chro-
Figure 5. Gas chromatograms of (a) Surfynol 420, (b) Surfynol
440, and (c) Surfynol 465. Each chromatogram is normalized to the
largest peak. In the case of S465, the normalization enhances the
apparent intensity of the column bleed because the majority of this
material does not elute (see the text).
Figure 6. Optimized structure of a sodium-cationized symmetric
6-mer.
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matogram (Figure 5c) shows that these species are still
present, although in much lower concentrations. As-
suming the 5-mer to not suffer from discrimination in
either the mass spectrometry desorption analyses or the
chromatographic separation, being sufficiently ethoxy-
lated for Na1 cationization and also sufficiently volatile
for successful gas chromatography, we attempted to
estimate the amount of the oligomeric distribution
present in the gas chromatogram. The average of the
mass spectrometry results for Surfynol 465 was about
3.9 area percent for this oligomer, however, this oli-
gomer averaged 24.4% of the GC chromatographic area.
Using the 3.9% value from the mass spectrometry
analyses to correct the percentage of this oligomer in the
average GC analysis result leads to approximately 16%
of the total oligomeric distribution detected by GC. The
peak in question is 24.4% of the total chromatographic
area, so the total chromatographic area is almost exactly
four times larger. But the peak that is 24.4% of the
chromatogram is shown to only be about 4% of the total
sample by the desorption methods, so the amount of the
sample in the chromatogram is four times 4% or 16%.
The GC results for the low MW oligomers can be
used to correct the desorption mass spectrometry spec-
tra for species that are missing or underrepresented. As
an example, the data from one of the FAB analyses for
S465 were recalculated in this way. For the 0-mer to the
2-mer, there were no intensities in the FAB spectrum.
For the 3-mer, the GC produced a value twice as large
as that in the FAB spectrum. For the 4-mer, the results
were within 20% of each other (the GC result was
higher), indicating that this is probably about the point
at which both produce reasonably good results. When
the FAB spectrum was “completed” by including inten-
sities for the missing and underrepresented low MW
oligomers, based on calculations from the GC chro-
matographic relative areas, the FAB MN and MW results
were recalculated. In this case, the MN value decreased
from 628 to 619 Da and the MW value decreased from
656 to 649 Da. So, we see that the effect is very small. If
similar calculations were done on the Surfynol 420 and
440 mass spectrometry desorption results, the effects
would be much greater. Indeed, as stated earlier, we
believe the GC results for S420 to be fairly accurate. The
comparison shown in Table 1 indicates the amount of
error produced by the desorption methods.
Conclusions
For Surfynol 420, FAB, MALD/I, and ESI produce very
similar average molecular weights, while SIMS is about
one oligomer unit lower. GC produces a result about
one oligomer unit lower than SIMS. We believe the GC
result is the most accurate because this molecular
weight range (other than a very minor amount of higher
oligomers) is accessible to chromatography and does
not suffer from cationization discrimination.
For Surfynol 440, FAB, MALD/I, ESI, and SIMS
produce very similar average molecular weight data.
The GC results are significantly lower. For this molec-
ular weight range there are higher molecular weight
oligomers that face significant discrimination by GC.
However, the GC results still show significant concen-
trations of short-chain oligomers that face cationization
discrimination in the desorption techniques. The true
average molecular weights for Surfynol 440 probably
fall between the desorption and GC values.
For Surfynol 465, FAB and SIMS produce the lowest
molecular weights, MALD/I produces an intermediate
result, and ESI and FD produce the highest molecular
weights. For Surfynol 485, SIMS produces the lowest
molecular weight data; the ESI and FAB data are
similar; the MALD/I and FD data are most similar to
the SEC results. One possible explanation for the differ-
ences in the mass spectral results is fragmentation.
Perhaps FAB and SIMS experience a higher degree of
fragmentation from the particle beam desorption event
as the molecular weight increases. ESI does not tend to
show fragmentation for these materials except in the
case of the largest, Surfynol 485. This may be related to
the higher cone voltage required for analysis of this
sample. No fragmentation is observed in MALD/I or
FD.
Although the mass spectral techniques are providing
sufficiently precise measurements of the average molec-
ular weights for these materials, we have little data on
their accuracy. In previous work, we found that
MALD/I number average molecular weight (MN) val-
ues agreed well with SEC results for polyethylene
glycols, polymethylmethacrylates, and polystyrenes
[18]. However, we have found other materials, such as
poly(tetramethylene glycol) and polydimethylsiloxane,
that have poor agreement between MALD/I and other
techniques (NMR and SEC). Studies of low molecular
weight oligomeric systems should involve the use of a
range of techniques to understand better the true mo-
lecular weight distribution and the limitations of each
of the techniques used.
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